The aim of this study was to evaluate the relationship between testicular lesions and hormone levels in rats experimentally infected with Trypanosoma evansi. For that, the measurement of reproductive hormones, histopathology and biomarkers of cellular injury were carried out in twenty-four animals, which were divided into two groups with 12 animals each. Group A was the negative control, or uninfected, while group B was composed by animals infected with T. evansi. Both groups were divided again into two other sub groups (n=6), from which serum and testicular fragments were collected on days 5 (A1 and B1) and 15 (A2 and B2) post-infection (PI). The morphological analysis showed increased alterations of head and tail of sperm in infected rats when compared with those of the control group. A significant reduction (P<0.01) in the levels of LH, FSH, testosterone and estradiol, associated with an increase in cortisol, was observed in serum of group B when compared with negative control. Additionally, NOx, lipid peroxidation and protein oxidation were enhanced in testicles, indicating the occurrence of cellular lesion. On histopathology, it was possible to observe testicular degeneration, among other disorders in infected animals. Therefore, based on these results, it is possible to conclude that the experimental infection with T. evansi caused changes in the levels of the main hormones of male rats associated with cellular injury.
INTRODUCTION
Trypanosoma evansi is the etiological agent of the disease known as "mal das cadeiras" or "surra" that affects domestic and wild animals (Silva et al. 2002) , with reports of several clinical and pathological manifestations (Jittapalapong et al. 2009 , Mbaya et al. 2011 . With regards to reproductive disturbances, T. evansi have already been described in both males and females, as well as in different animal species. In males, it causes degeneration of the seminiferous tubules, spermatogenic cells and spermatids in the ducts of the epididymis (Shehu et al. 2006) ; testicular atrophy, decrease of epididymal sperm reserves, widespread and severe testicular degeneration with necrosis and calcification (Maudlin et al. 2004) . In infected females with T. evansi the occurrence of abortion, repeated estrus, birth of weak animals, stillbirths, and temporary or permanent anestrus were reported (Silva et al. 2004 , Batista et al. 2007 , Bezerra et al. 2006 .
With regards to endocrinology, the reciprocal endocrinological interactions between host and parasite are receiving increased attention (Escobedo et al. 2005) , since hormones regulate a variety of cellular and physiological functions of organisms, such as growth, differentiation and specially reproduction (Derijk and Berkenbosch 1991, Grossman et al. 1991) . In reproductive endocrinology, hormonal evaluation is needed, especially in the clinical evaluations of infertility cases in males and females. In this sense, there is, for instance, another protozoan that belongs to the family Trypanosomatidae, Trypanosoma vivax, which has been reported as a causative agent of reproductive problems in domestic mammals (Mbaya et al. 2011) . Studies showed that trypanosomosis by T. vivax causes a series of directly or indirectly related reproductive disorders on cattle herd due to the degeneration of the hypothalamus, pituitary and gonads, with consequent alterations in plasma concentrations and in the secretion of hormones needed for reproduction in both sexes (Sekoni 1994) . In males, it is well known that T. vivax is responsible for testicular and epididymal lesions, decreased semen quality due to decreased sperm concentration, decrease of volume, changes in sperm morphology and reduced number of spermatogenic cells (Sekoni et al. 1990 , Sekoni 1994 . There are also reported cases of infertility and sterility in animals chronically affected with T. vivax (Sekoni et al. 2004) .
Histopathological analysis cannot often show mild tissue damage, and for this reason, the relationship between tissue damage and oxidative stress is widely studied. There are different methods for the evaluation of cell lesion/ oxidative stress, mainly through the employment of biomarkers. In this sense, the lipid peroxidation is a general mechanism by which free radicals can induce tissue damage and is implicated in several pathological conditions (Halliwell and Chirico 1993) . The assessment of Thiobarbituric acid reactive substances (TBARS) probably is the most commonly applied method for the measurement of lipid peroxidation (Esterbauer 1993) . Along with TBARS, another protein bio marker for oxidative stress, described by Witko-Sarsat et al. (1998) , is the advanced oxidation protein products (AOPP). Cytological dysfunction is believed to be correlated with oxidative stress via modification of biological structures and formation of AOPP. These protein products might be regarded as a family of compounds containing abundant dityrosines, which allow cross linking, disulfide bridges, and carbonyl groups (Capeillére-Blandin et al. 2004 ). This may indicate that AOPP acts as markers of oxidative stress, and may contribute to cytological dysfunction (Descamps-Latscha et al. 2005) . Our last biomarker employed in this study was the nitric oxide (NO), mainly due its generation and high concentrations observed in camels and horses infected by T. evansi (Saleh et al. 2009 ,Ranjithkumar et al. 2011 . NO is an uncharged free radical that is produced during the enzymatic conversion of L-arginine to L-citrulline by members of the nitric oxide synthase HORMONE LEVELS IN RATS INFECTED WITH T. evansi (NOS) family of proteins: endothelial NOS and neuronal NOS (functioning in a calcium-dependent fashion); and inducible NOS (functioning in a calcium independent fashion) (Stuehr 1999). The measurement of NO levels may be a parameter to oxidative stress status, and suitable for diagnosis and treatment of diseases (Lopes et al. 1997 , Chatkin 2000 , Santiago et al. 2000 . Oxidative stress has been related increasingly to the onset and/ or progression of a growing number of diseases, and therefore, its evaluation through biomarkers is extremely important and it represents a useful laboratorial tool (Da Silva et al. 2012) .
This study was planned and elaborated based on the reproductive problems which cause economic losses, as well as on the lack of research about the mechanisms of action of T. evansi in the hormonal and reproductive system of males, specially related to histological changes of testicular tissue. Therefore, the aim of this study was to evaluate the relationship between testicular lesions and hormone levels in rats experimentally infected with Trypanosoma evansi.
MATERIALS AND METHODS

ANIMALS AND ISOLATE OF T. evansi
Twenty-four Wistar rats (Rattus norvegicus), males, divided into two groups (A and B) with 12 animals each were used in this study. They were kept in cages, at room temperature and humidity controlled (25°C, 70% RH), fed with commercial ration and receiving water ad libitum. All the animals were submitted to an adaptation period of 10 days, showing perfect health condition and behavior at the onset of the experiment (day 0). The isolate of T. evansi used was obtained from a naturally infected dog (Colpo et al. 2005) , maintained cryopreserved in liquid nitrogen at laboratory environment. Prior to the infection, it was reactivated through biological passage in rats, in order to obtain viable parasite, and large volumes of T. evansi in blood samples for posterior inoculation. Group A (n=12) was composed by uninfected animals -negative control -and group B (n=12) represented the positive control -infected -. The infection was performed intraperitoneally with 0.1 mL blood containing 10 7 trypomastigotes. These groups were again divided into two subgroups, A1 and A2, B1 and B2, with six animals each. This procedure was performed aiming at the evaluation of different times of infection (days 5 and 15 post-infection).
SAMPLE COLLECTION
The parasitemia was monitored daily through blood smears stained by the Romanovsky method, analyzed under optic microscopy at 1000x of magnification, and it was expressed according to the number of trypanosomes per field (t/f). Samples of blood and sperm were collected on days 5 (subgroups A1 and B1) and 15 (subgroups A2 and B2) post-infection (PI). Each animal was anesthetized with isoflurano, and immediately after the anesthesia induction, by cardiac puncture, 5 mL of blood was collected in order to obtain serum for hormonal measurements. After this procedure the animals were euthanatized and the testicles removed for the collection of fragments for histology and biochemical tests to evaluate tissue lesion. The adapted methods of Barth and Oko (1989), Johnson (1997) and Celeghini (2005) were used for obtaining of sperm from our experimental animals. Briefly, the sperm collection was performed through small sections in the tail of the epididymis, using a sharp blade. The material remaining on the surface of the blade was transferred to a Petri dish containing 50 µL of saline (0.9% NaCl) at 36°C. Then, an aliquot of 20 µL was mixed in 6 mL of distilled water for immobilization of the sperm. LUCIANA FACCIO et al.
SPERM MORPHOLOGY
The sperm morphology analysis was performed by electron microscopy, at magnification of 400 and 1000x. 200 spermatozoids, on average, were analyzed in each animal sample (Blom 1973, Barth and Oko 1989 To evaluate cell damage in the experimental testes, levels of NO x (nitrite/nitrate), TBARS (lipid peroxidation) and AOPP (advanced oxidation pro tein product) were measured using parameters considered markers of cell injury. For this, testicles samples were homogenized in Tris-HCl buffer 10 mmoL, pH 7.2, with 160 mmol sucrose (1:10 w/v). The samples were centrifuged (3500g for 10 minutes) with the supernatant collected and frozen at -20°C until analysis. The oxidation of proteins was quantified considering the concentration of AOPP, determined by semi-automated method described by Witko-Sarsat et al. (1998) , with results expressed in μL. TBARS levels were measured according to Jentzsch et al. (1996) , with results obtained by spectrophotometry at 535 mm, expressed in µmol MDA/mg of protein. NOx levels were measured using the Griess modified method, through the Cobas Mira automated analyzer, with results expressed in µmol/L, and according to the technique described by Tatsch et al. (2011) .
HISTOPATHOLOGY
Testicular samples were collected for histopathology evaluations. They were fixed in buffered formalin (10%) and preserved in alcohol 70%. After fixation, they were dehydrated, cleared and embedded in paraffin. For each sample two histological slides were prepared with transverse sections of 6 µm, stained with hematoxylin-eosin and Gomori trichrome method. In each slide a random grid of 15 points on 5 fields was applied. In these, thickness of the germinal epithelium was measured, with determination of degree of degeneration and the presence of sperm in the tubular lumen.
STATISTICAL ANALYSIS
The data were tested for normality and transformed when necessary. Sperm morphology and AOPP data were not normally distributed and were ranktransformed before statistical analysis. Posteriorly, the data were subjected to statistical analysis by Student's test, with P<0.05 conside red as statistically significant. All quantitative morphometric data (histology) were submitted to ANOVA, while the qualitative data to chi-square with SPSS18. The results were presented as mean and standard deviation.
RESULTS
PROGRESSION OF PARASITEMIA
Parasites were observed in blood smears of all infected animals between days 1 and 3 day post-infection (PI). Subsequently, the number of circu lating flagellates increased progressively over the days. On day 5 PI the sample collection from the animals with higher parasitemia (subgroup B1 -66 t/f) was performed. The other animals kept their parasitemia at low levels during the experiment, with another peak on day 15 PI (C -21 t/f).
SPERM MORPHOLOGY
The sperm morphology results are shown in Table I . A significant increase in alteration of the sperm head (tapered head) was observed in the infected group morphology was evidently altered in infected rats on day 5 PI when compared to day 15 PI (when the parasitemia was lower).
HORMONES
The results of hormonal dosage and cortisol are shown in Figures 1 and 2 . Subgroups B1 and B2 showed a significant decrease in the levels of LH, FSH, testosterone and estradiol on days 5 and 15 PI, when compared to their respective control groups (P<0.01). Cortisol levels in serum was significantly (P<0.01) increased in infected animals on days 5 and 15 PI compared with the control group.
BIOMARKERS OF CELL INJURY
The results of biomarkers of cell injury are shown in Table II . Serum levels of NO x and TBARS increased significantly (P<0.05) on days 5 and 15 PI in infected groups, while levels of AOPP increased significantly only on day 5 PI, when they were compared with the control group. 
TABLE II Mean and standard deviation of biomarkers of cellular injury in testicles of rats experimentally infected with Trypanosoma evansi. Serum concentrations of nitrite/nitrate (NO x ), thiobarbituric acid reactive substances (TBARS) and advanced oxidation protein products (AOPP) evaluated in the testicles of rats infected with T. evansi on days 5 and 15 post-infection.
Note: Means with equal letters, on the same line, do not differ statistically among themselves to 5% of significance (P>0.05). 
HORMONE LEVELS IN RATS INFECTED WITH T. evansi
HISTOPATHOLOGY
Significant histopathological alterations were observed in the infected animals (subgroups B1 and B2). Marked reduction of the thickness, along with an increased degeneration of the seminiferous epithelium was visualized. Associated with these alterations, a significant reduction in the number of sperm in the lumen of the seminiferous tubule was found (Figure 3 ).
DISCUSSION
Recently, our research group reported a reduction in the levels of LH, FSH, estradiol, and progesterone in female rats experimentally infected by T. evansi (Faccio et al. 2013) . Decreased level of reproductive hormones associated with increase of biomarkers of oxidative stress (NO, lipid peroxidation and protein oxidation) and degenerative lesions in the testes were observed in this study. The results obtained in hormonal assays are similar to those of other authors (Hublart et al. 1990 ), who worked with experimental infection with Trypanosoma brucei and reported reduction of serum testosterone levels, however, without alterations in levels of LH and FSH. In addition, researchers observed a reduction in serum LH, which, according to the authors, was due to decreased stimulation of GnRH, with consequent reduction in testosterone levels in rams infected with Trypanosoma congolense (Mutayoba et al. 1994) . In camels infected with T. evansi an increase in estradiol levels and decreased levels of testosterone was observed, associated with reduced sperm counting and increased index of abnormal sperm (Al-Qarawi et al. 2004) .
The rats infected with T. evansi in this experiment showed degeneration of the seminiferous tubules and reduction in the number of sperm in the lumen (Figure 3 ), in addition to causing morphological alterations in sperm of infected animals. In a study with deer infected with T. evansi, the same degeneration of the seminiferous tubule plus a spermatic degeneration in the epididymis ducts (Shehu et al. 2006 ) was also found. Such changes may reduce the reproductive capacity of male, as well as cause infertility with chronicity of the disease (Sekoni 1994). Authors reported that T. vivax can cause a drop in the quality and volume of semen, decrease sperm concentration and increase the number of teratozoospermias (Sekoni 1994) . There are reports that animals experimentally infected with T. vivax showed a decrease of spermatogenic cells, destruction of interstitial tissue, hypoplastic seminiferous tubules, and dis appearance of Sertoli cells with involvement of epididymis parenchyma (with focal areas of necrosis and squamous metaplasia) (Adamu et al. 2007) .
A study using sheep infected with T. vivax exhibited marked testicular degeneration (Bezerra et al. 2006) , where these changes may be related to the reduction of LH and FSH hormones that are stimulating steroidogenesis and spermatogenesis, respectively (Apted 1970 , Jittapalapong et al. 2009 ). However, other alterations such as hyperthermia, anemia and anorexia would cause these kinds of changes (Setchell 1998). These clinical signs are often present in infection by T. evansi, which did not enable us to state that the testicular lesions observed in this study were caused directly by the infection of this flagellate, since the testicle is extremely sensitive to increases in temperature (Friedman et al. 1991) . However, the presence of T. vivax in the testicles and semen of sheep was already reported (Bezerra et al. 2006) , and may cause a local inflam matory response and tissue damage. In this study, the alterations observed in the testicles may be associated with reduced levels of circulating LH and FSH, since the direct gonadal lesion is able to determine an increase in the gonadotropins FSH and LH due to the failure in the self-regulation of the hypothalamic-pituitary-gonadal axis.
The infection by T. evansi in rats generates oxidative stress (Omer et al. 2007) . In this study the levels of NO x , TBARS and AOPP (only day 5 PI) were increased in testicle of infected animals, similar result was observed previously in the serum of rats with trypanosomosis (Da Silva et al. 2012) . These parameters suggest the occurrence of lipid peroxidation, protein oxidation and an increase in nitrite/nitrate levels (which can be interpreted as an increase in peroxynitrite, which at high levels is toxic to cell) in the testicles of these animals. The increase of these biomarkers was suggestive of cell injury and later confirmed by the histology of the organ. Cortisol is well known as a marker of stress; it was found increased in the serum of infected animals, might inhibit the release of GnRH (McGivern and Redei 1994) and, therefore, justifies the reduced levels of LH and FSH found in the serum of the animals infected with T. evansi.
The decrease in the levels of testosterone and estradiol in infected animals could be attributed to the degeneration of the seminiferous tubules. In the testicles, the Leydig cells are located (Stanbenfeldt and Edqvist 1996) , where 95% of blood circulating testosterone is produced (the rest is produced by the adrenal) (Dadoune and Demoulin 1993) . Another explanation for the reduction of serum testosterone levels is due to a decrease in LH levels, since the production of testosterone is controlled by the secretion of this hormone, which also has a direct effect on Leydig cells, leading to hypertrophy of these cells (Stanbenfeldt and Edqvist 1996) . The secretion of LH and testosterone levels are controlled by a negative feedback, i.e., an increase in the secretion of LH causes an increase in testosterone levels (Stanbenfeldt and Edqvist 1996) .
The low dosage of FSH in T. evansi infected rats may have caused the low serum estradiol levels observed, since the follicle-stimulating hormone is responsible for converting the testosterone produced by Leydig cells in estrogen (Stanbenfeldt and Edqvist 1996) . Estrogens are synthesized in the male reproductive system in Sertoli cells, Leydig cells, and germ cells in the brain (Hess et al. 2001) . The role of this estrogen is to inhibit the synthesis of testosterone (Dadoune and Demoulin 1993) . However, in the present study both were at lower levels when compared to infected animals.
The full cycle of sperm production takes 12 days to be completed in rats (Stanbenfeldt and Edqvist 1996) ; however, it can be affected in trypanosomosis (Al-Qarawi et al. 2004 , Shehu et al. 2006 . Previous studies of our research group showed that during the parasitemia peak the body temperature of the animals were high (Da Silva et al. 2012) . Therefore the hyperthermia may have contributed to the testicular pathologies observed.
Based on the results, we were able to verify that the experimental infection with T. evansi in rats causes a reduction in serum levels of reproductive hormones (LH, FSH, testosterone and estradiol) and increases the serum levels of NO x , TBARS, AOPP, and cortisol associated with marked testicular tissue damage and morphological disorders in sperm. It is believed that events have occurred in sequence as discussed before, because a situation of oxidative stress observed in rats infected with T. evansi may have inhibited the levels of LH and FSH. This fact could lead to histological lesions in the testicle and consequently interfere with the production of testosterone and estradiol. These damages are probably the main reason for the alterations observed, supporting our conclusion that these flagellate are able to contribute to the infertility in male rats either directly or indirectly. 
